Abstract| In this communication we characterize a potentially useful set of permutation matrices that commute with the Fourier matrix of order n. The set of all such permutation matrices is a group under matrix multiplication, and every element of the group is its own inverse. We study the number of these permutations as a function of the Fourier matrix order, and conclude that it is a multiplicative function of n.
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I. Preliminaries W ITH each permutation de ned on the set f0; 1; : : :; n ? 1g we associate a permutation matrix P of order n in the usual way. Let F be the Fourier matrix of order n, given by F k`= e j2 k`=n = p n, where j denotes the imaginary unit. The discrete Fourier transform (DFT)
x of a vector x 2 C n is de ned asx = Fx. Chao 1] has shown that PF = FP if and only if P is involutory, i.e., P 2 = I, and (k) = (1)k mod n for all k, where is the permutation on f0; 1; 2; : : :; n ? 1g represented by P. Hence the set of P for which PF = FP is a subgroup C n of the group of permutation matrices in which each P 2 C n is its own inverse. Thus, a permutation matrix P 2 C n maps DFT pairs fx;xg into permuted DFT pairs fPx; Pxg.
We study the number of such permutations as a function of the order n of the Fourier matrix F. It turns out that for n > 2 there are at least two such permutations, and exactly two if n is prime. We show that the actual number of permutations is a multiplicative function of n, that is, if k and m are two relatively prime integers the number of permutations in C n with n = km is given by the product of the number of permutations in C k and C m . Obviously, the set of all such permutation matrices is a group under matrix multiplication. The order of the group depends on the number of square roots of unity mod n. ; which is the square of the Fourier matrix, a fact that obviously explains the commutativity. Note also that J 2 = I, as required for fI; Jg to be a group. The matrices I and J correspond to the two square roots of unity mod n that always exist independently of n, that is, 1 and n ? 1.
If we consider each vector in C n as one period of a time series, the e ect of multiplication by J is equivalent to an inversion of the temporal axis, as expressed by t 0 = ?t.
The classical Fourier transform presents a similar invariance property: iff(!) is the Fourier transform of f(t), thenf(?!) will be the Fourier transform of f(?t).
When n is prime 1 and n ? 1 
We will now proceed to show that this number is a multiplicative function of n. Let 
Suppose, for example, that we want to nd the solutions to x 2 = 1 mod 8 knowing that the solutions when n = 4 are 1 and 3. Equation (5) then gives t = 1, which, inserted in (4), immediately generates the solutions 5 and 7 from 1 and 3.
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